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Introduction  
Sexual dimorphisms in body size, shape, longevity, and behavior are prevalent 
throughout the animal kingdom. Courtship behavior of Drosophila melanogaster is an 
example of sexually dimorphic trait in this species. A wild-type male generates a 
series of innate courtship rituals when paired with a female and the gene fruitless (fru) 
is critical for this behavior. fru mutant males court other males rather than females 
whereas artificial expression of Fru can induce some courtship behavioral elements in 
the female. fru gene has variable promoters. The fru transcript from P1 promoter is 
sex specifically spliced in such a way that only male has the P1 promoter derived 
protein products. These proteins are called male specific Fru protein or FruM. Fru 
protein isoform BM or FruBM acts as the major masculinizing agent to establish the 
courtship circuitry in Drosophila males. FruBM orchestrates the transcription of 
downstream target genes to confer the male fate on certain neurons. However, the 
exact mechanisms by which FruBM exerts its effect on downstream target genes are 
yet to be explored. In this study, I attempted to find an interacting partner of FruBM 
and demonstrate its role in specifying male-typical features of neurons in association 
with FruBM at phenotypical, cellular and molecular levels. 	  
Materials and methods: 
Flies were raised on cornmeal-yeast medium at 25°C. Canton S served as a 
wild-type control. Fly strains were obtained from Kyoto stock center, Bloomington 
Drosophila Stock Center and Vienna Drosophila Resource center. For behavioral 
assays, flies were collected upon eclosion and reared individually under a 12 h:12 h 
light-dark cycle at 25°C. 5-7 day-old test males and 3-5 day-old Canton-S virgin 
females were used. Detailed protocols for conducting behavioral assay are described 
in the main dissertation.  
For immunostaining, the CNS of 3-5 day-old files was dissected according to 
the protocol established in our lab. Images were acquired with a Zeiss LSM 510 
META confocal microscope using ZEISS LSM Image Browser software. 
I used a fruNP21-GAL4 line to label mAL neurons. Somatic clones were 
produced by the MARCM method.  For the production of neuroblast clones and single 
cell clones in mAL neurons, embryos at 0 to 24 h after egg-laying (AEL) or larvae at 
4 to 6 days AEL were heat shocked at 37˚C in a water bath for 1 h respectively, which 
is followed by rearing them at 29˚C in order to enhance the expression of transgenes. 
Western blot assay, coimmunoprecipitation assay, electrophoretic mobility 
shift assay (EMSA), and reporter assays were performed according to the established 
protocol of our lab. The detailed method of midline crossing score calculation is 
described in the main dissertation. Statistical analyses were done by GraphPad 
Prism® 7.0b software. 
 
Results 
Phenotypic modifier of Fru’s function can be studied by forced expression of 
non sex-specific FruB together with any random portion of the genome in the 
developing eye disc via GMR-GAL4 driver. Using the Gene Search (GS) method, one 
can overexpress a genomic region flanking a P-element. Overexpression of a genomic 
sequence flanking to the P-element GS9128 in the eye suppressed the FruB-induced 
rough eye. The P-element in GS9128 impinges immediately upstream of the 
transcription start site of gene encoding TRF2 (TATA box binding protein-related 
factor 2). There are two isoforms of TRF2: TRF2-long (TRF2-L) and TRF2 short 
(TRF2-S). Overexpression of Trf2-S+ also strongly suppressed the FruB-induced 
rough eye phenotype, therefore indicating that Fru and TRF2 may interact in vivo.  
Next I attempted to observe the effect of Trf2 knockdown in fru-expressing 
neurons in males as fru[+] neurons encode the neural circuitry that drives the 
courtship behavior in males. Trf2 knockdown in fru-expressing neurons reduced 
courtship vigor in Drosophila males when measured by the courtship index, wing 
extension index and copulation success rate. Overexpression of Trf2-S+ compensated 
for these defects, implying a role of TRF2 in shaping the male courtship behavior.  
To study the function of Trf2 in shaping neuronal morphology of fru 
expressing neurons I focused on mAL neurons, the male-typical feature of which is 
dependent specifically on FruBM. mAL neuroblast clones generated upon Trf2 
knockdown revealed that these clones have apparently shorter ipsilateral neurite 
compared to wild-type. Ipsilateral neurite can be present or absent in an mAL neuron. 
By generating single cell clones in males, I found that the number of mAL neurons 
without the ipsilateral neurite increased significantly upon Trf2 knockdown compared 
with controls. In females, however, Trf2 knockdown allowed mAL neurons to form 
the ipsilateral neurite, which is otherwise absent in control females. Therefore, Trf2 
supports the formation of ipsilateral neurite in males and inhibits it in females. 
Additionally, Trf2 also promotes male-specific midline crossing of axons of fru[+] 
gustatory receptor neurons. In males, midline crossing was reduced by Trf2 
knockdown and also in a fru hypomorphic background, which was partially rescued 
by overexpression of Trf2-S+. On the other hand, Trf2 knockdown increased the 
midline crossing score in females, indicating that Trf2 promotes midline crossing in 
males and inhibits it in females.  
To study how TRF2 acts together with FruBM on a molecular level I studied 
the function of these two transcription factors by incorporating reporter assays where 
a luciferase gene is fused with the promoter region of robo1. FruBM repressed robo1 
transcription whereas TRF2 functioned as an activator for robo1 transcription. The 
repressor effect of FruBM on 1.7 kb robo1 promoter region is dose dependent and it 
cannot function as a repressor at a sub threshold dose. Interestingly, addition of TRF2 
with the sub threshold dose of FruBM can repress robo1 transcription level, indicating 
that TRF2 can change its role from being an activator to a repressor. By using 
progressively shorter fragments of the robo1 promoter, I identified a 50 bp sequence 
residing on the 0.85 kb robo1 promoter region required for TRF2-S to act as a 
repressor in the presence of FruBM. Then I demonstrated that TRF2-S binds to the 
DNA fragment containing the same 50 bp sequences by electrophoretic mobility shift 
assays (EMSA). Searches for potential motifs for protein binding in this DNA stretch 
revealed the presence of the polypyrimidine TCT motif and DNA replication element 
(DRE) associated motif (DREAM).  Previously TRF2 has been shown to regulate 
transcription of target genes containing either the TCT motif or DREAM.  
Finally, I demonstrated that TRF2-S and FruBM form a complex when 
overexpressed in Drosophila S2 cells. These results all together unraveled the 
molecular basis for transcriptional regulation of FruBM targets by TRF2-S. 
 
 
 
Conclusion: 
 
In this study, I identified TRF2 as a binding partner of FruBM and provided 
evidence that TRF2 facilitates neurobehavioral trait in Drosophila males. In females, 
where FruBM is not produced, TRF2 also acts for neural sex differentiation by 
inhibiting the ipsilateral neurite formation and midline crossing. The role reversal of 
TRF2-S from an activator to a repressor in the presence of FruBM provides an 
excellent means for this universal transcription factor to achieve differential 
transcriptional regulation depending on whether it works in males or females. 
 
Discussion: 
 
FruBM acts on its downstream target genes to orchestrate the neural circuitry 
that drives the courtship behavior in male. The mAL neuron has so far been proved an 
excellent model to study fru’s downstream target genes. The male typical feature of 
mAL neurons require FruBM to act on different target genes by incorporating 
different interacting partners. TRF2 identified in this study, acts by interacting with 
FruBM, only on the ipsilateral neurite formation in males. TRF2 acts specifically in 
shaping male courtship behavior as well. Previously, TRF2 has been shown to bind 
with other chromatin remodeling factors whereas Fru has been reported to form a 
complex with Histone deacetylase 1 and heterochromatin protein 1a. Interaction of 
Fru with TRF2 can therefore incorporate this complex in chromatin organization, 
thereby inducing transcriptional change in many downstream target genes. The role 
reversal of TRF2 between sexes invites further study on the requirement of TRF2 in 
female behavior, which has not been focused in this study.   	  	  	  	  	  
